Ferrous ion and 2-oxoglutarate (2OG) oxygenases catalyze the demethylation of N ε -methylated lysine residues in histones. Here we report studies on the inhibition of the JMJD2 subfamily of histone demethylases, employing binding analyses by nondenaturing mass spectrometry (MS), dynamic combinatorial chemistry coupled to MS, turnover assays, and crystallography. The results of initial binding and inhibition assays directed the production and analysis of a set of N-oxalyl-D-tyrosine derivatives to explore the extent of a subpocket at the JMJD2 active site. Some of the inhibitors were shown to be selective for JMJD2 over the hypoxia-inducible factor prolyl hydroxylase PHD2. A crystal structure of JMJD2A in complex with one of the potent inhibitors was obtained; modeling other inhibitors based on this structure predicts interactions that enable improved inhibition for some compounds.
Introduction
Histone lysine methylation is a dynamic post-translational modification, with sequence-specific N-methyltransferases and demethylases acting to add and remove methyl groups ( Figure 1 ). 1 The methylation (or demethylation) of specific lysine residues can enable both euchromatic or heterochromatic states, thus transcriptionally activating or silencing genes. Histone demethylases (HDMs a ) are implicated in diseases including leukemia, prostate cancer, squamous cell carcinoma, and X-linked mental retardation. 2 The largest identified family of HDMs is the JmjC-domain-containing family, the members of which are Fe(II) and 2-oxoglutarate (2OG) dependent oxygenases. 3, 4 The human JMJD2 HDM subfamily has six members (JMJD2A, 2B, 2C, 2D, 2E, and 2F), of which JMJD2A-C have been shown to catalyze demethylation of the methylated forms of histone 3 lysine 9 (H3K9) and histone 3 lysine 36 (H3K36) in vitro and in cells, while JMJD2D is selective for the demethylation of H3K9. [4] [5] [6] [7] JMJD2C has been implicated in prostate cancer, and inhibition of JMJD2C expression has been shown to decrease cancer cell proliferation. 4 Although JMJD2E has been classified as a pseudogene, 8 recombinant JMJD2E has HDM activity, and is amenable to inhibition studies. 9 JMJD2F has not been characterized. The precise in vivo roles of individual HDMs in the regulation of gene expression are unclear or only beginning to emerge. A degree of redundancy likely exists, with different demethylases targeting the same histone methyllysines. Small molecule chemical probes may be useful for investigating the in vivo role of these demethylases, 10 and the therapeutic potential of HDM inhibitors is being considered. 11 To be useful as probes, HDM inhibitors should not inhibit at least some of the other Fe(II)/2OG dependent oxygenases, e.g., those involved in the hypoxic response pathway, including the hypoxia-inducible factor (HIF) asparaginyl hydroxylase, factor-inhibiting HIF (FIH), and the human HIF prolyl hydroxylase domain 2 (PHD2), because the activity of these enzymes regulates a large array of human genes. [12] [13] [14] Recently, we reported screening methods and several HDM inhibitor "scaffolds" for the JMJD2 HDM subfamily. 9 Compounds analyzed included the known histone deacetylase inhibitors suberoylanilide hydroxamic acid (SAHA), trichostatin A (TSA), pyridine-dicarboxylic acids, and various other 2OG analogues. The latter included N-oxalyl-D-phenylalanine 1d, which has previously been shown to be selective for the inhibition of FIH with respect to PHD2; 15 this selectivity was achieved by exploiting a hydrophobic subpocket adjacent to the 2OG binding site present in FIH but not in PHD2. FIH has been regarded as part of the Jmj subfamily of 2OG dependent oxygenases 6, 16, 17 and is more similar in sequence and structure to the JMJD demethylases than it is to other human 2OG oxygenase subfamilies. 12 Crystallographic studies and modeling imply that the JMJD2s possess a similar subpocket to that observed for FIH, † PDB ID 2WWJ. *To whom correspondence should be addressed. Phone: þ44 (0) 1865 275 625. Fax: þ44(0)1865 285 022. E-mail: Christopher.schofield@ chem.ox.ac.uk. a Abbreviations: ESI-MS, electrospray ionization-mass spectrometry; 2OG, 2-oxoglutarate; siRNA, small-interfering ribonucleic acid; JMJD, Jumonji domain containing protein; PHD, prolyl hydroxylase domain containing protein; FIH, factor-inhibiting hypoxia-inducible factor; HIF-1R, hypoxia inducible factor-1R; SAHA, suberoylanilide hydroxamic acid; DCMS, dynamic combinatorial mass spectrometry; FDH, formaldehyde dehydrogenase; CODD, C-terminal oxygen degradation domain; CAD, C-terminal transactivation domain; NOG, N-oxalylglycine; TCA, tricarboxylic acid; HDM, histone demethylase.
which is adjacent to the active site. 15, 18 However, the crystallographic analyses imply that the subpocket of the JMJD2s is significantly larger and more open than that of FIH and extends into the substrate binding groove. We set out to explore this subpocket by derivatization of N-oxalyl-D-phenylalanine 1d as a possible means of achieving selectivity toward the JMJD2 subfamily. We used a combined approach employing binding assays using nondenaturing mass spectrometry, disulfide exchange based dynamic combinatorial chemistry, inhibition studies, and crystallographic analyses, which led to the identification of N-oxalyl-D-tyrosine derivatives as potent inhibitors of JMJD2E.
Results
Initially, we used nondenaturing electrospray ionization mass spectrometry (ESI-MS) to assess binding of potential inhibitors to JMJD2E. 19 When the target protein is amenable to such assays, the stoichiometry of interaction and binding strength can be rapidly assessed. This method has been used in the study of metallo-enzyme inhibition (e.g., refs 20, 21) and enzyme-metal ion interactions. 22 In these ESI-MS analyses, it is important to appreciate that different types of noncovalent interaction survive the transition from solution to gasphase differently (for review, see ref 6) . However, in some cases, including metallo-enzymes, [20] [21] [22] [23] [24] [25] good agreement between results from nondenaturing ESI-MS binding data and solution-phase data can occur.
Our starting points for the binding assay were the 2OG analogues that we had identified in the initial study aimed at identifying "template" inhibitors of JMJD2E suitable for derivatization, in particular N-oxalylglycine 1a (IC 50 =24 μM) and N-oxalyl-D-homophenylalanine 1h (IC 50 = 39 μM). 9 A set of N-oxalyl-D-amino acids 1b-g and their corresponding L-isomers 1i-n were assessed for potential binding to the JMJD2E 3 Fe(II) 3 Zn(II) complex (hereafter JMJD2E) (Figure 2 ) by nondenaturing ESI-MS screening. The results revealed that of the 13 compounds tested, N-oxalylglycine 1a and N-oxalyl-D-cysteine 1b bound to JMJD2E (41256 Da), with formation of new peaks at 41403 and 41448 Da, corresponding to JMJD2E 3 1a and JMJD2E 3 1b complexes, respectively. Relatively weak binding was observed for N-oxalyl-D-phenylalanine 1d (JMJD2E 3 1d: 41493 Da), N-oxalyl-D-valine 1f (JMJD2E 3 1f: 41445 Da), and N-oxalyl-D-alanine 1g (JMJD2E 3 1g: 41417 Da). These observations were in general agreement with the formaldehyde dehydrogenase (FDH) coupled assay inhibition results (measuring JMJD2E turnover with a histone H3 Lys9 trimethylated (H3K9me3) peptide fragment substrate) (Table  S1 , Supporting Information). It is notable that while some of the N-oxalyl-D-amino acids are active, none of the L-compounds 1i-n bind to JMJD2E, and all, with the exception of 1n (IC 50 = 285 μM), are inactive as inhibitors in FDH coupled assays. The importance of the D-stereochemistry in the N-oxalyl amino acid series is demonstrated by the significantly greater potency of N-oxalyl-D-cysteine 1b (IC 50 = 73 μM) compared to N-oxalyl-L-cysteine 1i (IC 50 >1 mM) for inhibition of JMJD2E.
To explore the extent of the JMJD2E 2OG-substrate binding pocket that is accessible to the N-oxalyl amino acid series, a disulfide exchange based dynamic combinatorial-mass spectrometry (DCMS) screen 21, 24, 26 was then performed. The DCMS screen exploited the thiol side chain of N-oxalyl-D-cysteine 1b, which is predicted to project into the subpocket of JMJD2E as a "support" ligand ( Figure 3 ). In this method, a compound that binds to the active site (the support ligand) which contains a thiol is allowed to react (either on the enzyme in the active site, or in solution) with a set of thiols to form a mixture of disulfides. Nondenaturing ESI-MS is then used to analyze which disulfides bind preferentially to the enzyme. A mixture of five thiols, each thiol at 15 μM, including thiophenol, 3-bromothiophenol, 3-methoxythiophenol, propanethiol, and 2-naphthalenethiol, was mixed with an equimolar amount of 1b (15 μM) and JMJD2E (15 μM) in ammonium acetate (15 mM, pH 7.5) under aerobic conditions. The mixture was then analyzed for binding with JMJD2E (mass 41264 Da) by nondenaturing ESI-MS. New complexes with peaks at 41587 and 41557 Da were observed ( Figure S1 , Supporting Information); these peaks correspond to the addition of disulfides 1b 3 3-methoxythiophenol (2a) and 1b 3 thiophenol (2b) to JMJD2E, respectively. This result was confirmed by deletion experiments in which specific thiols were removed from the mixture. Because disulfides are not necessarily stable under the FDH coupled assay conditions, the carbon analogues, 3a and 3b, respectively, wherein the disulfide bond is replaced with a C-S bond, were then synthesized ( Figure 2 ). Both 3a and 3b bind to JMJD2E, as shown by nondenaturing ESI-MS. The FDH coupled assay results indicate that both carbon analogues 3a (IC 50 = 204 μM) and 3b (IC 50 = 300 μM) are less potent as JMJD2E inhibitors compared to the support compound 1b (IC 50 = 73 μM). This difference could be due to the differences in interactions in solution and in nondenaturing ESI-MS conditions or the inability of the carbon compounds to mimic the S-S bond in disulfides. Nonetheless, the DCMS method revealed that larger side-chains than those of N-oxalyl-D-cysteine could likely be accommodated in subpocket of the JMJD2E active site.
It was noted that disulfide 2a binds slightly more strongly to JMJD2E than 2b, indicating that the presence of the methoxy group may improve inhibitory activity. This led us to consider using N-oxalyl-D-tyrosine 1c as a lead for further optimization of the aromatic ring. Consequently, a set of N-oxalyl-D-tyrosine derivatives (5a-12, Figure 4 ) substituted at the tyrosinyl-OH position with a variety of substituents, including benzoate esters (5a-j), other aliphatic/aromatic esters (6a-k), sulfonate esters (7a-j), aliphatic ethers (9a-i), β-ketoethers (8a-m, 11a-c, 12) and benzyl ethers (10a-q) were analyzed for binding to, and inhibition of, JMJD2E.
The N-oxalyl-D-tyrosine derivatives (5a-12, Figure 4 ) were initially screened for binding affinity to JMJD2E by the nondenaturing ESI-MS method. The binding affinity of each compound was classified into one of five rank classes. Competition experiments (data not shown) showed that the top 11 compounds all bound more tightly than either N-oxalylglycine 1a or N-oxalyl-D-phenylalanine 1d.
The N-oxalyl-D-tyrosinyl derivatives were then tested (at 100 μM) for activity against JMJD2E using the FDH based coupled assay (Figure 6 ), 9 and the compounds were ranked by inhibitory potency based on the reduction in initial demethylation rate observed. IC 50 s were then determined for nine of the most potent compounds 7f, 7c, 7e, 10k, 7d, 8m, 6d, 10e, 10a, and three of the least potent compounds 7i, 8b, and 9h as a control ( Table 1) . The most potent compound in the FDH coupled assay was 7f, with an IC 50 of 5.4 μM; other potent compounds also had IC 50 s in the low micromolar range (8-40 μM) . This represents an improvement of potency with respect to N-oxalylglycine 1a (IC 50 = 24 μM), N-oxalyl-D-phenylalanine 1d (IC 50 = 320 μM), and N-oxalyl-D-homophenylalanine 1h (IC 50 = 39 μM).
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The rankings of binding affinity as determined by nondenaturing ESI-MS and inhibitory potency by the FDH coupled assay were compared using Kendall's rank correlation (τ B = 0.58, p<0.0001) and Spearman's rank correlation (F=0.72, p< 0.0001). These results indicate a statistically significant positive correlation between the inhibitor rankings by nondenaturing ESI-MS and by FDH coupled assay activity (Figure 5b ). Because there are differences in the physical interactions between ligand and enzyme in the gas phase as opposed to solution phase (in gas phase, ionic interactions and hydrogen bonding interactions are believed to be preserved more efficiently than hydrophobic interactions), 19 inhibitors which rely on nonionic interactions for binding to the enzyme in solution may show relatively weaker binding affinity in the mass spectrometric screen. Nonetheless the results reveal that screening for binding by nondenaturing ESI-MS is an efficient and useful method for ranking affinity, which is amenable to medium-throughput analyses and displays a strong correlation to the FDH coupled assay inhibition data.
The most potent inhibitors identified by these screens (7f, 7c, and 7e, as well as previously described inhibitors 1a and 1d) were also screened against PHD2 by nondenaturing ESI-MS binding affinity assays and biochemical activity assays (hydroxylation of CODD peptide substrate by PHD2, analyzed by MALDI-TOF MS 27 ). No inhibitory activity toward PHD2 was observed in the biochemical assay for the three N-oxalyl-D-tyrosine derivatives 7f, 7c, and 7e or for 1d; N-oxalylglycine 1a, however, was a potent inhibitor of PHD2 as previously reported. [28] [29] [30] [31] Some binding was observed between these inhibitors and PHD2 by nondenaturing ESI-MS. However, nondenaturing ESI-MS binding assays in the presence of the known potent inhibitor 1a showed binding of both 1a and either 7f, 7c, and 7e simultaneously, suggesting that binding of these N-oxalylamino acids was not occurring in the 2OG binding site of the enzyme. Thus, these inhibitors are selective for the JMJD2 HDMs over the human prolyl hydroxylase PHD2. This result is consistent with the lack of a large pocket adjacent to the 2OG side chain binding site in PHD2 as opposed to that observed for JMJD2A. 18, 32, 33 Compounds 7f and 7c were also screened against FIH using a MALDI-TOF assay as reported. 34 Dose-response curves representing the extent of hydroxylation as a function of inhibitor concentration were used to determine IC 50 s. Both of these compounds, 7f and 7c (IC 50 values for JMJD2E of 5.4 and 8.6 μM, respectively), inhibited FIH with IC 50 values of 60.2 and 37.2 μM, respectively. Note that direct comparisons of IC 50 values determined for JMJD2E and FIH should be treated with caution because the assay used for FIH relies on measurement of hydroxylation after a significantly longer incubation period rather than those used in JMJD2E FDH coupled assay. However, the results suggest that, at least for compounds 7f and 7c, selectivity of inhibition with regard to FIH was relatively low as might be expected based on the similarity of its 2OG binding subpocket to that of the JMJD2s ( Figure S2 , Supporting Information).
Crystallization of the most potent N-oxalyl-D-tyrosine inhibitors (Table 1) together with JMJD2A was then attempted, and a crystal structure was obtained for compound 10a in complex with JMJD2A to 2.4 Å resolution ( Figure S3 and Table S2 , Supporting Information), confirming the predicted binding mode for N-oxalyl-D-tyrosinyl derivatives. 10a was observed to be bound to the active site of both the JMJD2A molecules that are present in the asymmetric unit. The oxalyl carbonyl oxygen and one of the carboxylic acid oxygens of 10a chelate the active site metal in a manner analogous to 2OG and N-oxalylglycine 1a (avg. 2.2 Å ) (Figures 7, 8) . The other carboxylic acid of 10a forms a salt bridge with Lys206 N ε (2.8 Å ) and a hydrogen bond with Tyr132 OH (2.4 Å ). Apparent hydrophobic interactions between the tyrosinyl side chain of 10a and JMJD2A include side chains of residues Ile71, Tyr132, Tyr177, Phe185, and Lys241 (methylenes). The tyrosinyl side-chain oxygen of 10a is positioned to make a weak hydrogen bond (3.7 Å ) with the backbone amide nitrogen of Ala186. All residues involved in binding 10a are conserved between JMJD2A (used for crystallographic analysis) and JMJD2E (presently more amenable to biochemical inhibition assays), and the most potent JMJD2E inhibitors displayed activity against JMJD2A in a MS-based turnover assay ( Table 2) .
Comparison of the JMJD2A:10a crystal structure with the JMJD2A-H3K9me3 substrate complex (PDB ID 2OQ6) revealed little difference in the conformation of the active site residues (Supporting Information Table S5 ). When the JMJD2A:H3K9me3 substrate complex structure is superimposed on the JMJD2A:10a structure (Figure 9 ), no overlap is observed between the inhibitor side chain and the substrate K9me3 side chain (Supporting Information Figure S3 ). However, the benzyl ether moiety of 10a is observed to partially occupy the same space as Thr11 and Gly12 of the H3K9me3 substrate, indicating that the binding of 10a (and probably the other potent inhibitors) to JMJD2A likely interferes with binding of the H3K9me3 substrate in addition to competing with 2OG.
To investigate the rationale for the increased potency of the sulfonates 7c-f relative to the other derivatives, inhibitors 7f, 10k, 6d, and 8m were manually modeled into the active site of the JMJD2A:10a structure by superimposing their structures with 10a and altering the position of each tyrosine substituent to reduce steric clashes and to maximize hydrogen bonding interactions ( Figure S4 and Table S3 , Supporting Information). All compounds were constrained to form a hydrogen bond between the tyrosinyl oxygen and the backbone amide nitrogen of Ala186, as observed in the JMJD2A:10a structure ( Figure S4 ). In all of these compounds, additional hydrogen bonds were predicted to occur compared to those observed in the JMJD2A:10a crystal structure. Modeling studies also suggest reasons why 7i, 8b, and 9h are less potent Figure 6 . Screening for JMJD2E inhibitors. Compounds were tested as JMJD2E inhibitors (100 μM) using the FDH assay, and the percentage activities relative to the DMSO control are shown. Measurements were made in duplicate and shown as averages with standard errors of the mean. inhibitors: steric interaction in the case of 7i and 8b, and conformational flexibility in the case of 9h. Taken together, our results indicate that a combined approach involving nondenaturing ESI-MS binding assays to identify hits followed by biochemical assays provides an efficient approach to lead identification of inhibitors for metallo-enzymes. The statistical correlation between the binding strength of compounds to the enzyme under nondenaturing ESI-MS conditions and the ability of compounds to inhibit enzyme activity in biochemical assays validates the nondenaturing ESI-MS method although it is appreciated that binding strength under noncatalytic conditions does not necessarily reflect inhibitory potency. One advantage of a binding-type assay is that it can be used to identify (potential) inhibitors in the absence of a catalytic turnover assay which requires knowledge of the substrate (substrates are not yet known for many of the 2OG oxygenases). 35 Our work has also identified inhibitors selective for inhibition of the JMJD2 histone demethylase subfamily members over the HIF hydroxylase PHD2, in that the most potent inhibitors of JMJD2E did not inhibit PHD2 (within the limits of detection), as predicted from structural comparisons of the binding pockets. Binding within the identified JMJD2 subpocket may be a way of achieving more potent inhibition with other series of "template" inhibitors that bind to the active site iron. These compounds may be useful as chemical tools to probe the in vivo roles of the JMJD2 demethylases. However, those inhibitors screened against FIH did inhibit HIF asparaginyl hydroxylation, demonstrating that further expansion of this, or related series of compounds that chelate the active site iron, is required to achieve higher selectivity within the JmjC subfamily. In this regard, it is notable that although both FIH and the JMJD2 demethylases contain a relatively large subpocket, there are significant differences in the residues that form these subpockets.
Experimental Section
All reagents and solvents were purchased from Aldrich or Alfa Aesar and used without further purification. Reactions were monitored by TLC, which was performed on precoated aluminum-backed plates (Merck, silica 60 F254). Melting points were determined using a Leica Galen III hot-stage melting point apparatus and microscope. Infrared spectra were recorded from Nujol mulls between sodium chloride discs on a Bruker Tensor 27 FT-IR spectrometer. NMR spectra were acquired using a Bruker DPX500 NMR spectrometer. Chemical shifts (δ) are given in ppm, and the multiplicities are given as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and broad (br). Coupling constants J are given in Hz to the nearest 0.1 Hz. High resolution mass spectra (HRMS) were recorded using Bruker MicroTOF. The purity of all compound synthesized were >95% as determined by analytical reverse-phase HPLC (Ultimate 3000).
The chemical synthesis and purity of 3a and 3b are described in the Supporting Information. The 73 N-oxalyl-D-tyrosine derivatives were purchased from ChemOvation (Horsham, UK). The identity and purity of the lead compounds were confirmed by 1 H NMR, HRMS, and HPLC (for all compounds), and these data (for compounds 6d, 7c, 7d, 7e, 7f, 7i, 8b, 8m, 9h, 10a, 10e, and 10k) are given in the Supporting Information.
The catalytic domain of human JMJD2E (residues 1-337) was produced as N-terminally His 6 -tagged protein in Escherichia coli and purified by Ni-affinity chromatography as reported.
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JMJD2E inhibition was assessed using a FDH coupled assay, as reported.
9 All compounds were initially tested at 100 μM, and the initial rates of demethylation measured by measuring NADH production using an Envision multilabel reader (Perkin-Elmer, Waltham, MA).
For JMJD2A, a MALDI-TOF MS based assay was used becuase JMJD2A was not optimized for analysis in our current FDH assay. JMJD2A 2 μM, Fe(II) 10 μM, and ascorbate 100 μM in 50 mM HEPES pH 7.5 with inhibitor stock DMSO solutions where final inhibitor concentrations varied but final DMSO concentration was always 5% of assay mix were incubated for 15 min at 25°C, after which time reactions were initiated by addition of 2OG (10 μM) and peptide (10 μM), followed by 30 min incubation at 37°C. Reactions were quenched with methanol 1:1 (v/v) followed by addition of four volumes of 20 mM triammonium citrate. The diluted assay mixture (1 μL) was then mixed with 1 μL of R-cyano-4-hydroxycinnamic acid (the MAL-DI-TOF-MS matrix) and spotted onto a MALDI-TOF-MS plate. 18 The relative intensities of different methylation states observed in the mass spectra were then used to calculate percentage demethylation. IC 50 s were calculated from the variation in percentage demethylation at different inhibitor concentrations.
FIH and PHD2 assays were carried out as reported. 27, 34 The binding of compounds to JMJD2E was evaluated by nondenaturing ESI-MS as described. 9 His-tagged JMJD2E was desalted using a Bio-Spin 6 Column (Bio-Rad, Hemel Hempstead, UK) in 15 mM ammonium acetate pH 7.5. The stock solution was diluted with the same buffer to a final concentration of 100 μM. FeSO 4 3 7H 2 O was dissolved in 20 mM HCl at a concentration of 100 mM. This was then diluted with Milli-Q water to give final working concentrations of 100 μM. The protein (15 μM) was mixed with 1 equiv of Fe(II) and 1 equiv of inhibitor and incubated for 30 min at 37°C prior to nondenaturing ESI-MS analysis. For competition experiments, the protein was mixed with equimolar amounts of Fe(II) and two inhibitors each at concentration of 15 μM and incubated for 30 min at 37°C prior to nondenaturing ESI-MS analysis. Data were acquired on a Q-TOF mass spectrometer (Q-TOF micro, Micromass, Altrincham, UK) interfaced with a Nanomate (Advion Biosciences, Ithaca, NY) with a chip voltage of 1.70 kV and a delivery pressure 0.25 psi (1 psi = 6.81 kPa). The sample cone voltage was typically 80 V, with a source temperature of 40°C and with an acquisition/ scan time of 10 s/1 s. Calibration and sample acquisition were performed in the positive ion mode in the range of 500-5000 m/z. The pressure at the interface between the atmospheric source and the high vacuum region was fixed at 6.60 mbar. External instrument calibration was achieved by using sodium iodide. Data were processed with MASSLYNX 4.0 (Waters). The limit of detection 326.5 ND ND a JMJD2A was used at 2 μM, 2OG at 10 μM and ARKme3STGGK peptide at 10 μM. JMJD2E IC 50 s were also determined by MALDI-TOF MS for comparison. ND = not determined. Figure 9 . Binding of 10a to JMJD2A likely interferes with both 2OG and histone substrate binding. Superimposition of H3K9me3 substrate (orange and pink sticks) with JMJD2A 3 Ni(II) 3 Zn(II).10a structure (PDB ID 2OQ6) is shown. The surface of JMJD2A (blue) illustrates separate K9me3 (pink) and cosubstrate (NOG, cyan, replaces 2OG in this structure) subpockets. Compound 10a (yellow sticks) occupies a large hydrophobic pocket adjacent to the substrate binding cleft. It may interfere with binding of the Thr11 side chain of the H3K9 substrate.
